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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a semiconductor device by which a high-quality 
hexagonal III group nitride semiconductor crystal such as a 
hexagonal crystal GaN can be produced. 
SOLUTION: This method for manufacturing a semiconductor 
device is used to epitaxially grow a hexagonal III group nitride 
semiconductor single crystal thin film on a substrate 1 1 made of 
a GaAs single crystal. In this case, it includes a first process 
where each of such material elements as Gs, As and N, is 
simultaneously supplied to the surface of the substrate at a 
specified substrate temperature to grow a GaAsN buffer layer 
1 2 thereon, and while continuing the supply of materials, the 
substrate temperature is increased and supplies of the Ga, As 
and N are stopped; a second process where, just after the first 
process, an Al and an N are simultaneously supplied as III group 
material elements to form an AIN 13; and a third process where 
the substrate temperature is further increased than that in the 
second process, and a GaN layer 14 is grown on the AIN 13. 
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». *6»5fc^WBW*6^«©'<97T-»^SS 

tC. X> ij—e»^cdr->tts^ + -^a *>©&*•). @fir 

9^@[(c-oi=>rfcrsj±Aim6nfc (05 (b) . 

(c) ) . 

[0 04 9] j entc*tu > sEfi2m 4oo['C]^* 

vV7 -S^T^tcR H E E D'-i-Z- >J&i$gsg ZtlKfr 
ofo (06 (a) ) . Kf42©2 8WBO500-[*C] «c 
J:S^?7 7-H»m 06 (b) KmTJ:5K:> R 
HE EDrttt-'sWfiB&StltcifiXtfy t-Vttte^Xts 

k>. »a©«(^ia?«j©^aws. -o^f?. ^*sm#©ca 

(c) CC^-r<fc^{c. 5»42©fiSS^7S'C{*. [3!>t® 

^©^femen. ^ B ^fti®e©ji?f<!:it«:jg B B B tt© 

[0 050 ] C©<fc^(C. KRl«C4Bt»"CR»ttGaN*J 
HH1 ©lSSffi©^®i l/ttt. ^©J:5ft 

© o . ouscT-ja ~o . osm^b/u <t c > 9 ostein, ^aa 

© GaAsN. AlN^aS©^f7r-S*fflt»"C(,>5 
Ai. (,>rn©ESSilig-rfe, JWB«rlft»a*»6>JSRfi*tf 
l,\ GaAsNiAlNi©^J , 3S^.©^-0 hSCfcC^T. Ca 
AsN©RXS ; Sr*±T-5<!:I^B$«:AlN©SSft5:P§?&L/. B$ 
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[0 05 1 ] *fc. 1**4 1 JcteWS 1 «WS©'< » 7 7 
-JiGi*s,-,N»«. JW*tft»tt*»6J«fi*fl5 Cite 
iIiy£X#0K:j5l,»fl3&>6 1{Cj5-^<. GaAs©*§ 
JU£RB. M». SSSa**J500~600[*C] -clfto 
ft. 650 t*C] feLh"COMBEfiR»*fftttiair>. Ctl 
B. As©S«^©tt#** s . WHUt©±»i*««* 

-r-sfc©-?**. ssss*!65o ['c] jy±©i«s-c 

[0052] *»wc». ?aa±^«:f* 'jfl&ottmmis. 
Tmmzmmv. g«&g©#s&m>ft#6GaAsN© 

[0 05 3] C©*KWCB. StSSUGCGaAsS:^ 
fc, GaAsB, 

r-fr (ai,o 3 ) **z<bJt«JLr. £«g{*«**&fc 
Bff©ii'cffiii , c*s. *©flwe. i/c 

B. «{fc*-f* (SiC) aE*&WB<r»&4TCI,»*. SIC 
B. <^iPW«cMMMHMEiWffR3ti"Clf»«#. S& 
Oftla^ h*SiSl»fcJ&. #^(CJSffi-C*4. CaAsB, 

■{ TSS-^Si C««J: 0 ffiftT 
[0 054] L/*>t— GaAsSf&t'^JjSl/fcGaN 
B. If 7 r -f TS«4> U < BslC»K±^fiSl/fcCaN 

GaAs<Dte^^-&#:*:# fc«rC*£ . 
[0 05 5] *#693"CB, ^Ji 3ftSGaAs<!:GaN©f& 

^»© 5*"? y rZMffi-rztcisbte.. m-uzn t»fc* 5 
6caAs,.,N,tR»3-tt*Ci«:J:»). BftJfcX*** 

-p-c, *fl«o*is*'<9^T-ii*ssiu. ^©&© 

[0 05 6] iStHttflMit LtTB. X«BJHW5E*tTo 
fco MSB© RHEED Bif§ll©S«!IiifcJ!T-J!©*£Jlt± 

[ 0 0 5 7 ] H 7 *5 J:Efla 8 B, *ft*ftf*H- 1 *>%fcc* 
WB2CDX»0«f-C*4CiB±aUfc. 17~18° tt£ 
{caRftTl^GaNCfcT-i'JCte^-r, IS** l ©¥fMs* s 

"c**©«c*fb, KS2©*tf*Bo.4r tm 

[0 05 8] J£U:©J:9k:. tmi£ttH2K:*«.>"C, 
CC 6 ttftftK^fcftflBW^ftfc. UK. 

0 3 *j «fc ^ n 4 L//c»tM s e Mmm<£ £ s*t»t*Hi 
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•asm. i»iMtt&ite*a©K*tt/. «»2bs 

[0059] A^a^GaN (0001) (CB. Ga£SM> N3:8[ 
®<LC>5 2^©@tt*M?fiE"3-£. Ga^Sffi. NScJSH 

10 r«,»a:«f>. ^(C. MOCVDSm Ga£3£®tt::fc<,>T 

j«s*fT 5 t, j|ft©^ii##6ft£c £#»e>ftrt,> 

5. $/c. GaNBC©2-OOflBt4©a^«:J; <0 . T)Vtj 
\) tgfflxttlT 5 SlStt^Sft *5 . GaSJE® BSSttt*^ 
0. jSJBU&ua*. N£Sffirj&g#ii^/cGaNB. £ 

©®~©©#^S«* S & 6 . 

©M.Sumiya, K.Yoshiraura, K.Ohtsuka, S.Fuke : Appl. 
Phys. Lett. vol 76 Nol5p2098(2000) 
©M.Suniya, K.YoShimura, T.Ito, K.Ohtsuka, S.Fuke 
20 : Appl. Phys. Lett. vol 88No2 pll58(2000) 

©W.C.Hughes, W.H. Rowland. J r, M. A. L.Johnson, Shizu 
o.Fujita, D.W.Cook.lr.J.F.Schetzina : 3 .Vac.Sci .Th 
ecnol, B.13C4) pl571(1551) 

®R.Snrith, P.M.Feenstra, D.W.Greve, M.X.Shin, M.Sk 
owronski, J.Neupebauer, D.E.Northrup : Appl. Phys. L 
ett.Vol.72 Nol7 p2114(1998) 

©M. Seel mam. Eggebert, D.L.Weyher, H.Obion, H.Zimm 
ennann, A.Rar Appl . Phys . Lett . 71(18) p2635(1997) 
[0 060] ^CT!. 2o©^N- ; SriIS0.8N©7j<M'ft 
30 thVfA (NaOH) 7Kf§?StC?lL, ^©7gft?tt«:o 

is£zmi OVOfcT. H7*>J:E*H8"eB. H7*»«fcC)f 
08 tlSJDJC^tC. ^5*5GaAs (333) *>6©X^IhI 
Jt^SL-, #^6*5GaN(0002)^6©Xi^[5]ifT ; &^L/'r 

«u. -en*ai»)ffli/"c. x«»5E«:j:»j0«f5Sffi*iw 

^U/c„ tCHltS. X«BW3£JcJ:*CaN©e-J'«K# 
^fCi*6> N^Sffi©GaN#J&ftUTl>6C£#fc> 

40 -77, KH2Bt:-i'«flt©«il>* s ec6f 

K. T**yiMEKWtt*wl/ft:Ci*6. Ga^SM© 

[0 06 1 ] ttfcfe«*«:^?7r-Jl*S6ffc3 
*T. 720 fC] OCaNJl©)5!aBfeft**aii0fcK 

-SSltxtO, 8tt1f*©GaNB. Gagc3effitC*Jl»r*a 

[0062] CtxKif), RF -MBEffi(Cj:5GaNlg 
50 SfiSfi-CB. NS3eBtWaN*JiM6S'e*CiK:J:»). 
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&®©GaN#f3£ft*C ofc. ±.&Ltc1fi, Ca 

As(ril)Bffi(JAsS^ffi (V!^5eB) ~C$>K>, GaN©N 

GaN©&14«:N£5t®£&S 

y-JI£:fr$rmg3tf/ci£$&l^Kfc^-cfc, GaAs 

GaN *£IU&e 3 -££<!:. @14#Ga£5£®©Mfl#I&B 
[0 0 6 3 ] JjLh«:J:D, #©£ <t**I-*S. * 

s^-cfflt^c. #t^*m>&#6 2*is©Ji*2«&tfjK: 

EfcgSthfc^ 7 r -JI (GaAsN— AlNa^^SJScg) 

[oo64] y±. c <D^m(omm<omm*s zvmfem 

;KWcKB6ftSk©-C«:&<. t©l£HJ3©gg£j£I»0 
[0 06 5] 

[&93©8l^3 «Jb. i&WOfcJ^Cc, C0&«tcj:ti 

«. ««-xt***v+;ujira©j?®¥*ste©rfij±, n 
^mttzztifi-czz, 30 

[0 06 6] &tt. C<D^(CJ:nW. §f— BiL/tTGa 

AsN, ^-jitb-rAiN5rSffiL, *>o. cne>--5© 

tCfcO. N^SffifciSzgU GaAs-GaN|S]©t&^f^ 
*&*«:SfnStt£C 3 fcCC<€-©_h(c. SI 

HMiL/riSS-CGaN%^S3#^C:<t^J:«J. i*M£H 
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ESitT£ 

[01 3 GaN©Stt«r7nTmSC0-C*-5>. 

[ 0 2 ] C <mW®mMWK. J: 9 feU.JfcgfciT^ /cf**4 

&5$0-C<fe£. 

1 <DRflBBHBM33l (SEM«) 

[04] 0 3©i**4l tltn<DTc!£>( / cmi'Elstc&U2 CD 

[05] SC^l©Sxf$^^ + ^fiSSiag(c*sWS«i 
?*B*rfc (RHEEDft) Zm-rWM-V&Z. 

[06] ^42©Sif^+ix*;i/fiXS3§?iK:*iWS^ 
^BJr* (RHEEDft) *m-r?jrc*>&. 

[07] C ©*W©SI«60<I«: ct K) tt»REfi*:fTo fcS»4 
[ 0 8 ] 0 7 ©S5& 1 t Jtlft©fc«?>{cS^ L fcttt* 2 © 

[0 9 ] c <D&w<D$mmic£ o ttM»€ff ■» ?t«« 

©^bfc «fc t iHS 1/ fates* S. 

[0103 ®9<Dim<Dtc#)icmi'ELtcmm2ZT}\'t} 

';*#tiKcc»u ^-©^tt^Xi^lalST^S©^b«:<fc 

1 Ga 

2 N 

11,21 *tg 

1 2 GaAsN^' -;7r-| 

1 3 A1N 

1 4 GaNJI 

2 2 AlGaAsN''* -r — JB 
2 3 GaN 7 y-Jf 

2 4 GaN 



oi AVAILABLE COPY 

CO WH2003-1424 




-14 



GaN 
150nm 



720°C 



AIN #3£fiSflt 

3 run 



LT-GaAsN SSlSft 
2nm 



500°C 



GaAs<M1)BSX3fc« 



^13 



-12 



^11 



GaN 
75nm 



LT-MGaN~GaN 
500^0 
35nm 



LT-AIGaAsN 
400^ 
3nm 



-24 



-23 



-22 



-21 



GaAs(111)BSl£& 



1**42 



BEST A 



(9) 

'*■*'. i 



'J 



2003-142406 



[03] 




4 J&M 



3 GaAs(lll)B &WL 



[04] 




tt»2 



0 , AVAILABLE COT* 

[135 ] 



mm 2003-142406 




[08] 



100 k 
10 k 
lk 



13 



<= } 6.GaAa(88a) | 




14 IB 16 17 18 
<A2Adegreea] 
K»2 



BEST AVAILABLE COPY 

(XI) 



#13 2003-142406 




[09] 



AlGaAsN JEfcftft(400 < C) 




13 



14 16 16 
co/i 6 [degrees] 
K»l 
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(b) 



(c) 



GaN ^^(500t:) 



100 k 
10 k 
lk 



CO 

S ioo 



10 

i 



10] 



<= j 5.GaAfl(838) | 



T S 
V 



6.GaN(0002)p C> f*S 

i \ 




13 



14 15 16 
w/2 0 [degrees] 
K»2 
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GaN JsR«ft(720t:) 



(72)^w# ®m mm (.nys&im mm m& 

jte§riraff?fiz*&« 3-4-1 mm* $azu%rm&±!\& 3-4-1 mm* 



A (##) 5F045 AA05 AB09 AB14 AB17 ADOLO 
AF04 BB12 CA10 CA12 CB02 
DA53 DA57 DC 52 



